Designing relevant animal models in order to investigate the neurobiological basis for human mental disorders is an important challenge. The need for new tests to be developed and traditional tests to be improved has recently been emphasized. The authors propose a multivariate test approach, the multivariate concentric square field TM (MCSF) test. To measure and evaluate variation in the behavioral traits, we here put forward a statistical procedure of which the working title is "trend analysis". Low doses of the benzodiazepine agonist diazepam (DZP; 1.0, 1.5, or 2.0 mg/kg) were used for exploring the use of the trend analysis in combination with multivariate data analysis for assessment of MCSF performance in rats. The commonly used elevated plus maze (EPM) test was used for comparison. The trend analysis comparing vehicle and the DZP1.5 groups revealed significantly higher general activity and risk-taking behavior in the DZP1.5 rats relative to vehicle rats. This finding was supported by multivariate data analysis procedures. It is concluded that the trend analysis together with multivariate data analysis procedures offers possibilities to extract information and illustrates effects obtained in the MCSF test. Diazepam in doses that have no apparent increase in open arm activity in the EPM was effective to alter the behavior in the MCSF test. The MCSF test and the use of multivariate data analysis and the proposed trend analysis may be useful alternatives to behavioral test batteries and traditionally used tests for the understanding of mechanisms underlying various mental states. Finally, the impact of an ethological reasoning and multivariate measures enabling behavioral profiling of animals may be a useful complementary methodology when phenotyping animals in behavioral neuroscience.
Introduction
Designing relevant animal models in order to investigate the neurobiological basis for human mental disorders is an important challenge. The difficulty is to find the animal performance that expresses and represents the particular human mental state that is the strategic aim of the investigation. The shortcoming of anthropocentrism in this is known and documented [1, 2] . Many of the currently applied tests do not consider this problem. The clinical diagnosis, e.g. general anxiety disorder, may not contain elements that correspond to an animal's assessment of risk performed as visits to an open area of a field or elevated platform. Antianxiety drugs, e.g. ataractics, can alter such performance, however, argument by analogy is not always valid. The drug may influence two of each other independent central nervous domains.
The need for new tests to be developed and traditional tests to be improved has recently been emphasized [3] [4] [5] [6] . Modifications of traditional tests have been proposed, which all provide a wider range of measures [7] [8] [9] . However, the focus of some of these new tests is still limited to specific predetermined mental states, e.g. anxiety-like behavior. The need for tests that deal with multiple measures, thus providing a behavioral profile rather than single parameters has been emphasized [10, 11] . To this end, ethoexperimental composite tests have been designed [10] [11] [12] [13] . We have proposed a multivariate test approach, which is unprejudiced in the sense that the animal is exposed to stimuli with different quality, it can choose between different environments designed to include oppor-tunity for exploration, risk assessment, risk taking, shelter seeking, and approach and avoidance in one and the same test session, i.e. the multivariate concentric square field TM (MCSF) test. The guiding principle for the MCSF test is that test situation involves a free choice of different environmental settings and items that provide the opportunity to detect essential features of the animal's mentality. In this way a behavioral profile is generated [11, 14, 15] .
Tests like the MCSF imply that the animal has means to use a variety of behaviors that are triggered by the same executive mental process. To measure and evaluate variation in the behavioral traits, we here put forward a statistical procedure of which the working title is "trend analysis" [16] . Details and applications will be given in the following. Herein, low doses of the benzodiazepine agonist diazepam (DZP; 1.0, 1.5, or 2.0 mg/kg) were used with the purpose of exploring the usefulness of the proposed trend analysis in combination with multivariate data analysis for assessment of MCSF performance in rats. The commonly used elevated plus maze (EPM) test was used for comparison with the MCSF.
Materials and Methods

Animals and Housing
Adult male Wistar rats (Sca:WI; Scanbur BK AB, Sollentuna, Sweden) were used. Upon arrival, the rats were housed 3 -4 rats to a cage in transparent cages (59 × 38 × 20 cm) containing wood-chip bedding material and paper sheets for enrichment purpose. The cages were placed in temperature-controlled (22˚C ± 0.5˚C) and humiditycontrolled (55% ± 5%) cabinets with a reversed 12-hour light/dark cycle, with lights off at 7:00 a.m. The rats were maintained on pellet food (R36 Labfor; Lactamin, Vadstena, Sweden) and water ad libitum. After arrival, the animals were left undisturbed and allowed to adapt to the reversed light/dark cycle for two weeks. All animal experiments were approved by the Uppsala Animal Ethical Committee and followed the guidelines of Swedish Legislation on Animal Experimentation (Animal Welfare Act SFS1998:56) and European Union Legislation (Directive 86/609/EEC).
Drug
Diazepam (Apoteket Production & Laboratories; Apoteket AB, Stockholm, Sweden) was suspended in vehicle (45% 2-hydroxypropyl-beta-cyclodextrin solution; SigmaAldrich Sweden AB, Stockholm, Sweden) and dispersed by ultrasound for 30 min. This vehicle is reported benign with no adverse effects [17, 18] .
Experimental Procedure
The MCSF was the main test. The EPM served as a basis for comparison to evaluate the doses since this is one of the most common tests used in this matter. The animals were tested in the EPM test one week after the MCSF trial. The rats were handled during the week prior to testing began. The handling procedure consisted of individual handling, weighing, and adaptation to the transportation bucket that was used to take the animals from the home cage to the test arenas. The animals were 11 weeks old and had a mean (±S.E.M.) bodyweight of 453 ± 4 g when the behavioral testing started. Animals from the different treatment groups were alternated during the testing in order to avoid time and order bias. All testing was performed in a separate room with similar conditions of temperature and humidity as those in the animal room, and with a masking background noise. Observations were made during the dark period of the light/dark cycle.
Drug Administration
The rats were randomly assigned to experimental and control groups. Diazepam was injected intraperitoneally (i.p.) at a dose of 0.0 mg/kg (vehicle, n = 8), 1.0 mg/kg (n = 9), 1.5 mg/kg (n = 9) or 2.0 mg/kg (n = 9). To control for potential effects induced by the vehicle, a fifth group received 0.9% NaCl (n = 8). All injections were given in a volume of 1 ml/kg and administered 30 min prior to testing. The animals were returned to their respective home cages after the injections.
The MCSF Test
The MCSF test has been described in detail elsewhere [11, 14, 15] . The MCSF arena consists of a square field (100 × 100 cm) with a smaller square field (70 × 70 cm) located in the center of the larger one (Figure 1) . The walls are 25 cm high except for the walls surrounding the bridge, which are 40 cm high. A photocell device is located under the hole board floor of the hurdle, allowing recording of head dips into the holes. The entire arena is divided into zones, which forms the basis of the description and the variables of the animals' performance in this test.
The animal to be tested was released in the center facing the wall without openings (Figure 1) . The test session lasted 20 min. The approximate light conditions (l×) in the MCSF arena were as follows: dark corner room (DCR): <1; center, corridors and hurdle: 10 -15; slope: 50; and bridge: 600 -650. After each test, the arena was wiped with a cloth containing 10% ethanol solution and sufficient time was allowed for the floor and walls to dry before the next animal was placed in the arena.
The following calculations were made: sum of visits to the corridors (FRQ TOTCORR), sum of visits to all zones (TOTACT) and total time spent in the corridors (DUR TOTCORR). 
The EPM Test
The EPM consists of four arms, each 40 cm long and 10 cm wide, arranged in the shape of a plus sign and elevated 51 cm from the floor. Two opposite arms are open, whereas the other two are closed with 40-cm-high walls but end of arms open. The area inside the center of the EPM (10 × 10 cm) is not considered to be either an open or closed arm. The rat to be tested was placed in the center of the EPM, facing an open arm. Each rat was tested for 10 min. After each rat, the EPM was wiped clean with 10% ethanol solution and sufficient time was allowed for the apparatus to dry before the next animal was placed in the maze. The approximate light conditions (l×) in the EPM were as follows: open arms: 10; closed arms: 2. The total number of crossings to the different zones was used as a measure of locomotor activity.
Behavioral Recordings
The animals were observed from an adjacent room. Recordings of stretched attend postures (SAPs), rearing and grooming were done by direct observation. The number of fecal boli and urinations were counted after each session. Manual scoring of the behavior was performed using the software Score 3.3 (Soldis, Uppsala, Sweden). Visits to the defined zones were only scored as such if both hind legs had crossed over into that section. The latency (LAT, s) of first visiting a zone, frequency (FRQ) of visits, and duration (DUR, s) of time spent in a certain zone, and also the number of animals visiting each zone (OCCURRENCE) were all registered. The mean duration per visit (DUR/FRQ, s), the percentage duration and percentage number of visits to all zones were calculated. Ethovision 2.3 (Noldus Information Technology, Wageningen, The Netherlands) was used for recording of distance (cm) and velocity (cm/s) in the MCSF arena.
Statistical Analyses
Analysis of MCSF and EPM Parameters
The parameters were not normally distributed according to the Shapiro-Wilk's W test and therefore nonparametric statistics were used. The Kruskal-Wallis test was used for overall comparisons between the groups. When a significant difference was found, further group wise analyses were performed using the Mann-Whitney U-test, which also was used for all group wise comparisons. Differences were considered statistically significant at p 0.05. Statistica 10.0 (StatSoft Inc., Tulsa, OK) was used for the statistical analyses.
Multivariate Data Analysis of MCSF
Parameters In addition to traditional statistical analysis, the multivariate methods principal component analysis (PCA) and partial least square discriminant analysis (PLS-DA) were used. PLS-DA is a regression extension of PCA and calculates the relationship between a Y-matrix (here experimental groups) and an X-matrix (here MCSF parameters). The weights for the X-variables (in the analysis denoted w) indicate the importance of these variables, while the weights for the Y-variables (in the analysis denoted c) indicate which Y-variables are modeled in the respective PLS model dimensions. When these coefficients are plotted in a w*c plot, a picture showing the relationships between X and Y is obtained [19] . The SIMCA-P+ software version 12.0 (Umetrics AB, Umeå, Sweden) was used.
The Trend Analysis
The trend analysis is based on the fact that the individual may choose different behavior strategies within the same or similar functional context, emanating from the same mental state. The behavioral parameters may to some extent have different magnitudes. The rank-order procedure disregards any such quantitative differences. For each parameter, the animals are ranked against each other so that the rat with the lowest score is given the lowest rank and the animal with the highest score is given the highest rank value. Thus, the comparisons are based on the relative position of the animal within the population tested. Note that the comparison may comprise all or selected treatment categories (see figure legends) . The breaking down of the data in this way rests on the assumption that if a particular experimental procedure influences the behavior in a way that relates to the animals' personality traits, then the rank order mentioned previously might become altered. If so, the personality trait is an important factor that should be considered in the evaluation of the results [16] .
The trend analysis requires that the animal has a number of alternative behavioral possibilities to express a certain mental condition e.g. various areas for risk assessment or risk taking. This is provided in a multivariate test such as the MCSF but not in the EPM.
Results
The MCSF Test
The descriptive results from the MCSF test in which the groups, saline, vehicle, DZP at 1.0 mg/kg (DZP1.0), 1.5 mg/kg (DZP1.5), and 2.0 mg/kg (DZP2.0), were compared are given in Table 1 . Significant differences were mainly found for parameters of relevance for general activity (total activity, visits to the corridors, duration per visit to the center and velocity in the arena). Some differences were found for parameters of relevance to exploratory activity (duration per visit in the corridors and in the hurdle) and risk-taking behavior (number of visits to the central circle and distance and velocity in the central circle).
The PLS-DA analysis in which all MCSF parameters were included is shown in Figure 2 . The DZP1.5 group is located in the upper left quadrant separated from the other groups. Parameters of relevance for this loading are mainly related to general activity (e.g. total activity, distance and velocity measures, and performance in the corridors), exploration (e.g. performance in the corridors and hurdle, and photocell counts) and risk-taking behavior (performance in the central circle).
The basis for the grouping of parameters into the functional categories in the trend analysis is shown in Figure  3 . Using a PCA, the loading of the descriptive parameters included in the trend analysis is shown in the loading plot. Here, parameters contributing similar information are grouped together and are thus correlated. When parameters are positioned on opposite sides of the plot, in diagonally opposed quadrants they are inversely correlated [19] . The strongest correlations are found for parameters included in the functional categories general activity, exploration and shelter seeking.
In the trend analysis, the rank values for each parameter are summed into a sum rank for each functional category (i.e. general activity, exploration, risk assessment, risk taking and shelter seeking). The results from the trend analysis in which the relative position of the animal within the population tested is shown in Figure 4 . The Kruskal-Wallis test revealed a significant difference for the category general activity (H = 14.18, p < 0.01), with the DZP1.5 rats displaying the highest activity, and a borderline effect in risk assessment (H = 8.35, p < 0.08). Moreover, when performing a PCA on the sum rank scores from the trend analysis (Figure 5) , the DZP1.5 rats were mainly located in the upper right quadrant with general activity and risk taking as loading parameters. Based on these findings, further pair-wise rankings were performed comparing saline versus vehicle (no significant differences), saline versus DZP1.5, and vehicle versus DZP1.5. The trend analysis comparing saline and the DZP1.5 groups revealed significantly higher general activity in the DZP1.5 rats relative to saline rats (Z = 3.32, p < 0.001). The trend analysis comparing vehicle and DZP1.5 groups revealed significantly higher general activity and risk-taking behavior, respecively, in DZP1.5 rats relative to vehicle rats (Figure 6 ).
The EPM Test
An analysis covering the parameters usually made use of for calculating the results of the EPM test revealed merely a significant effect of the treatment in number of rearing actions ( Table 2 ).
Discussion
The aim of the present study was to demonstrate a multivariate approach to analyze the behavioral result of a drug treatment expected to alter a mental state. Diazepam is for clinical use classified as a tranquilizer, that is, the drug has ataractic effects.
This proposal should be looked upon as an alternative methods that starts out from models based on an anthropocentric paradigm generated from human personality disorders rather than considering the impact of an ethological reasoning. To acquire information on the effects of a stimulus on behavior traits, it is here suggested to use an ethoexperimental approach and utilize a construction that permits a multivariate test situation and concomitant suitable statistical processing (non-parametric methods, PCA, PLS-DA, trend analysis).
The MCSF is launched as a complementary methodological possibility to understand mechanisms underlying various mental states. In a multivariate test situation, several measures can be taken; these can provide a profile rather than focusing on any particular behavior. Inherent in the MCSF procedure is the freedom of choice regarding staying in areas with different magnitude of risk versus sheltered areas [11, 14, 15] . The various areas have been worked out to be incentives for exploratory activity, and approach or avoidance responses in expected reward and risk situations [11] . The MCSF test has been evaluated with regard to areas associated with risk and safety. Lactating female rats retrieved their pups from the open and brightly illuminated bridge area into the sheltered DCR area, and food-deprived male rats carried food pellets from the bridge and hoarded them in the DCR [11] . During the trial time of 20 min, the animal acquires experience of the experimental set-up that is manifested in the performance when repeatedly tested 40 -50 days after the first trial [11, 20] . In addition, exposure to a presumed aversive air-puff resulted in longer latency in first visiting and fewer animals visiting the area associated with the air-puff when tested two weeks later [21] .
When working with large data sets containing highly possibility to discover behavior responses caused by a techni not possible to obtain using traditional statistical approaches [22, 23] . This also applies to data generated from the MCSF [e.g. 11, 14, 24] . In the present study, the usefulness of alternative ways of analyzing complex data sets generated from the MCSF was investigated by administering low doses of DZP prior to MCSF testing. The PLS-DA shows that the DZP1.5 group load separated from the other groups with a number of MCSF parameters important for this loading. In fact, the analysis illustrates that data although not providing a basis for conclusions on a conventional level of statistical significance still contribute to useful information (Table 1, Figure 2) .
The trend analysis is based on a selection of functionally related MCSF parameters. A PCA of the parameters cluded in the trend analysis supports the selection made as the majority of parameters included in the different functional categories are correlated. A separation between risk-associated parameters performed on the bridge and in the central circle, respectively, can be found. This indicates that the animals experience an open, dimly illuminated area (central circle) differently compared to a brightly illuminated and elevated bridge construction (bridge). This is supported by experimental evidence of animals having higher risk-taking behavior on the bridge without differing in the behavior in the central circle [14, 20] .
In the trend analysis in which the relative position of the anim ficant difference between the groups in the functional category general activity was revealed. Moreover, when performing a PCA on the sum rank scores from the trend analysis, the DZP1.5 rats were characterized by risktaking behavior in addition to general activity. Based on these findings, an additional trend analysis based on groupwise rankings (rather than all treatment groups) revealed significantly higher general activity and risk-taking behavior in DZP1.5 rats relative to vehicle rats. This finding supports the benefit of the trend analysis principally due to that the procedure takes into account varying behavioral strategies within the same functional context. In addition, the trend analysis adds explicit information that may be easier to penetrate than the multivariate data analysis from descriptive as well as inferential statistical point of view. The more detailed explanation of the use of the trend analysis can be found in a research article where it was used for behavioral characterization of dogs [16] . With regard to behavioral profiling using the MCSF, the usefulness of the trend analysis has been demonstrated in a number of studies [e.g. 14, [24] [25] [26] .
When comparing the statistically significant group differences obtained in the MCSF and EPM te ely, we argue that the MCSF model provides a greater nents are to be found in the MCSF construction, (e.g. total activity versus total crossings, corridors versus closed arms). In spite of, or maybe due to, that the animal is provided more possibilities and choices to perform and subsequently express its mental condition, the MCSF test has the capacity to reveal effects of DZP that were not discovered using the EPM test. Despite using doses that previously have been shown to increase open arm activity in the EPM [27, 28] and activity in the central part of a novel open field [29] , no group differences were detected e to different animals used since both strain- [30] and supplier-dependent [24, 31] differences have been observed. Moreover, in the previous studies [27] [28] [29] , the animals were tested during the light period of the light/ dark cycle and no information about handling prior to testing is given. In contrast, both the multivariate data analysis and the trend analysis indicate an elevated risktaking behavior in the DZP1.5 rats relative to the vehicle rats, mainly related to the behavior in the central circle area, and an increase in general activity. The increased general activity cannot be explained by a specific motivation to explore the environment. The DPZ1.5 effect is rather suggested to be due to the fact that this amount of the drug causes a non-goal directed activity characterized by quick transfers from one zone to another.
Behavioral test batteries are commonly used for instance when phenotyping rats and mice. Problems with this approach include that the experience acquired in one test may have an effect in subsequent tests [32 er, experimenter handling, which increases with repeated testing, is a known source to variation [35] . In a battery combining the MCSF, open field and EPM tests, the MCSF test was found to be the most sensitive to previous experience [36] . The need for behavioral assays to be screened for usefulness on the basis of their replicability across laboratories has recently been emphasized [5] . The results obtained using different groups of selectively bred alcohol-preferring and alcohol non-preferring rats tested in the MCSF test has been possible to replicate across laboratories despite the fact that a smaller MCSF arena was used in one of the studies [14, 15, 20] .
It is here concluded that the trend analysis together with multivariate data analysis procedures offers possibilities to extract information and illustrates effects obtained in the MCSF test. Diazepam in doses that parent increase in open arm activity in the EPM was effective to alter the behavior in the MCSF test. The MCSF test and the use of multivariate data analysis and the proposed rank-order procedure, i.e. the trend analysis, may be useful alternatives to behavioral test batteries and traditionally used tests for the understanding of mecha-nisms underlying various mental states. We believe that the impact of an ethological reasoning and multivariate measures enabling behavioral profiling of animals will be a useful complementary methodology when phenotyping animals in behavioral neuroscience.
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